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Study on Spontaneous Cooling Characteristics of
Composite Thermoelectric based on Liquid Cooling of Serpentine Pipe Radiator
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( 1.International Energy College, Jinan University, Zhuhai, 519070;
2.School of Power and Mechanical Engineering, Wuhan University, Wuhan, 430072 )

[ Abstract]  To address the issue of low efficiency in thermal management of electronic devices, a thermoelectric self-cooling
system enhanced by serpentine pipe phase change liquid cooling is proposed. Numerical simulations are conducted to investigate
the parametric characteristics, spatiotemporal evolution, and cooling matching properties of the system. The results indicate that the
geometric parameters of the serpentine pipe heat sink significantly influence the system's cooling performance. Increasing the
curvature radius and inner diameter of the serpentine pipe improves the cooling performance of the system. Water, as the working
fluid, demonstrates good cooling performance. The operational performance of the thermoelectric components varies with time, and
the electrical power output reaches 0.26 W at 100 seconds. The cooling characteristics of the system are strongly affected by the
flow rate of the working fluid. At a flow rate of 9.63 X 10"'7 m/s, the temperature difference between the hot and cold ends of the
thermoelectric components is 17.32 K higher than that at 0 m/s. Furthermore, when the flow rate in the serpentine tube reaches 4.18
m/s, the generated electrical power equals the power consumed by the pump, achieving power balance. This study will provide
references for the application of thermoelectric self-cooling technology.
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Fig.2 Schematic diagram of the structure of the snake-shaped pipe radiator

( The inner diameter of the serpentine tube is 0.5mm )
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thermoelectric spontaneous cooling system for serpentine

phase change liquid cooling

Ytk {1
FHASRH R R~ 19.0mmx22.0mm
FRAR AL R} I E 1.5mm

A RS 2.0mmx2.0mm
L 5.0mm
5 R~ 5.0mmx2.0mm
5 R 0.25mm
M B A AR 19.0mmx22.0mm
Wi " A A JEL 0.25mm

2.1.2 HAS ST 1 B IE

AR T 2R B, SR A
80745, 124601, 211877, 364827. 703140 [{IR4%
XA T BEAT DR A ST AR IGIE o 3 3 A WA Al S PR

ELE R, 4 RER, REMBLREBHKENA
0.03K, ARSI R RS FE R /N e AR
BT 5 3% FH (1 I A& 20 80745

=3 Mg EIIE

Table 3 Grid independence verification

Wt WIS HY RONRIT BOREIT AR
i 0 f%/mm f%/mm AR /K
I 80745 0.880 4.18 300.20
I 124601 0.616 3.30 300.18
m 211877 0.396 2.20 300.17
IV 364827 0.220 1.76 300.17
vV 703140 0.088 1.21 300.17

2.1.3 BALE

ATt i 8 3 A FR Y 5 Manikandan!! )
SEIOEAR AT X b, SRR AR R SIS R, 3
BRI R IIESE R . 45 R R S HUE 5 07 1 as R
FHEC IR RIRZE A 6.16%, /MRZENHN 0.03%, K
WG AR 8 T 45 28 1) )7 S ASE R R 08 A I S B R G
1 TARRES, 07 545 2 HURE 45 R A BRI 2%
P

— SRR
- - - E%E

()I(]
I 1) (s)

(a) i EHRFPERAIE

! !
0 20 40 100

- - - REEE

H#H(mV)

1
60

m

W 1EI(s)
(b) HEHRIRAIE
K3 BALEGIE
Fig.3 Model validation

100



5539 &5 1] 5 OM, S BETIRE AR S A A B RS IR <5

22 ZERRES T
2.2.1 ANFEERAAR R A EIREE 4T

T 1) i R 2P AR R M e T A e AR, T
U@ A iR S IV S iR VO
GuAHIPEREIE I . B 4 JEoR T DKM TR A
Hi#E A 4.18m/s IEIEE NN 0.5mm B, A[F
At TR TR EHTRAMESRE A K
A H RGN AL A FO IR o 7E 100s B %1,
2420 1.5mm [RlE T2 A Rt il 5 485.56K,
AUl B 381.18K; i #4208 2.5mm e L&
PG Y 497.77K, AN 396.45K. 1
2420 1.5mm [ 0E T B g A il
18 2.5mm [T T B A SR I R G . A i
FEA BIEAL T 13.21K. 15.27K. X & i Tl g
12 B R R F B AL AR A M R 5 e (1) H2 i
TRV /N, B HARAR N, ek, ¥4 i
FEX T [P Bl 2 AR GRS iR
I T REIRFE PR, TR R AT/, TS PR AA
M TAERES SRR ERE.

— 1.500 mm

300 —— 1.875 mm

—2.500 mm
L

. , .
0 20 40 60 80 100
IR ) (s)

(a) PIRIEE

— 1.500 mm

—— 1.875 mm

—2.500 mm
L

. , .
0 20 40 60 80 100
IR ) (s)

(b) V¥l
4 KERETEMERLERGCAFNT
Fig.4 System cooling characteristics of different radii of
curvature of serpentine tubes
DRl Rt o 2R AR R3S K, AR G ) A s P 4
e, R R, BRI R BT B,

e SIREC
222 ANFEVETENE R W VRS Hr

I T A B Y R AR AR A B 2 B e R A I AR
KN, I8 AR A B AR, W] DAAR
I TR HEE AR &, 19 BIAN A 42 N A 2R
Mo B 5 B DL 2.5mm 1R N R AR, s
WIS N KN, ARIBETEE WA RG7A HIFE
PRI . 75 100s B %1, RSGMEEE N 42LL 0.05mm
DRy B BRI R ks . AR g R B 43 ) B IR 3.58K
1.92K. 2.77K. -6.59K, ¥Auiiiiii £ 43 3 FEAEK 5.02K
2.59K. 3.72K. -8.87K. IXj&H T W& NRIN
ARG | RS RAEFR R RN, WIRE R AT
R, A AR EECR, WIS AN RIS AT
TR e )k AR O, TS T R H Rk
Z e G R, 15 2GR, R
HIVEREAF RNPE T o [RIR Bl A e T B AR AR K, A
BAEHARFRE N, HISS T AR R TAE SR,
PR e T AR 3G N2 0.6mm B, RS 174
il Bt .

550
500
450
el 7
X
E /
400 -
——0.40 mm
456 ——0.45 mm
230~ 74 ——0.50 mm
/' ——0.55 mm
300 L | ) | 7| 0.60 mm
0 20 40 60 80 100
I 8 (s)
T
(a) Huiif B
500
450
3
£ 400
pec]
350 ——0.40 mm
/ ——0.45 mm
/’ ——0.50 mm
300 b ——0.55 mm
——0.60 mm
|

L 1 L
0 20 40 60 80 100

I [ (s)
(b) ¥ Jiiit 2
5 TREMERERRERGULAFHE
Fig.5 System cooling characteristics of different snake
pipe inner diameter
WHRARERY], BEREENRER, RS
AR ZH A RV R R PEE BT AN T B A1 TS AR



DN

2025 4F

PR Bl RGN EHE I RCR 2 215
Wiy, ZR G A FL AL 7% A BT
2.2.3 AR ENARFIE 23 A

TR AT I ) R 2 g I A AR
PRI o KRGS AR AR S6 A T 10 R 8 TARIG
SETECSER, PRI T A A K=
TR E M ARRA R & A AR RA AR
GV VR E, RIZIRWIE 6 Fron. 1 100s i
Z, A 2 S AR R AR ) Fg i P2 B LR AR D
PR FAT T AP IR = 14.8K, VI i B
17.58K, AEIRCREZE ;. F 260 T I m iR & b
PARAE 2 SR s A 1 i il 2 vy 3.49K, ¥4
it B 17 4.40K e K EERVERIOR, PR E
A EMPERERLLS , AT 2 5 B A A
fE, 2RI RE AL RGP I E,
BE SN TAR AR R N R G AR T
HAFM ARG .

600

I I
40 60

(] (s)
(a) PIRIEE

<400 |

B ago -
=]

!
60

40 [F”m (S>
(b) WIimiRE
El6 AREILIERERGSEN S

Fig.6 Different cooling characteristics of the working

L
0 20

fluid systems
SUREIR, KIIFEZFMT, RERAmE
J& 5 V8 il B RO BT o KL S 564 R RGN
P I AR T2 R T R GEA Al 2, At
IR A T I R G v AR RR LT, T2 Uk A

TR RGAHPERER ZE - IR LIRSS IR, AW oiik
FHZKAE e 0 A8 A 1 AR A
2.3 PRI AR T

AATREA H R G I AR AT T,
T A R e Y AR AR A TR G A B R A AR
R, THHE T 100s N RS0 RN I SR 2 AL
FElE, ZRA T RGN TAERHE.

K7 () RIE RGA i g 5 ZERE.
MEERATUE H, 76 0~16s N, FRGHEALEHIA R
Ui AN TR I, R ZE R . TE 16s B, #4
LAV Pt il P 250k 31 83.22K, 16s LA, R4
A il BEXE N, RIS IR R, RS 22
ThE. B7 (b) RBRKZERGIRREZ, N
SR LUE H, RAHEAFIDIZLE 0~16s ] B
WRFEIEEK, 168 B %, FARBLEL Az 1) s 38 AT HL Ty
RAPRIEF] 0.53V 5 0.18W, IhJ5 B3 5 HL TR 3
KRS, 7E 100s B ZI, RGAEBHLRIR BT
R 0.26W o H TR FL DD 52 B FL AH A
e I R O E AL e P kA SR G e T T
Tt AR R R F A i G

i i L
VoS i FE

%

500

1 L L
40 60 80

i [ (s)

(a) i FZRFIE

100

J)J’%fl(W)

V)

0.0
0

L 0.00
60 100

5 ()
(b) DhAAFE
E7 TERERETRGE=EE (NDRE u=4.18m/s,
REFSEZFIZE Ri-2.5mm)
Fig.7 Spatiotime characteristics of the system at different

fluid flow rates( The inlet flow rate # = 4.18m/s and the

\
40

radius of curvature of the serpentine tube R;=2.5mm )



5539 &5 1] 5 OM, S BETIRE AR S A A B RS IR <7

DR, e P 74 Rty L P 22 3K, AR
PEP=AE R B3 238, IR PE AR B TR
BEZ B0, A iR il TR
A= AR AR T AE, A=A
HL IR 2 A2
2.4 A HILECRHE B
2.4.1 ERHE

A H RGRE RS R G 0% H R AT 1R
B EER R AT R G 1) F L AVA # i L 7 AN
BREZE . MM IR EIAT T i, 32817 2%
TAEMIRFE R

600

550

/ —0m/s
L/ —3.17E-17 m/s
/ ——5.52E-17 m/s
—— 7.64E-17 m/s
300 = ——9.63E-17 m/s
L L

. .
0 20 40 60 80 100
i E)(s)

(a) AR Pl

—0m/s

—3.17E-17 m/s

——5.52E-17 m/s

—— 7.64E-17 m/s

——9.63E-17 m/s
L

. . ,
0 20 40 60 80 100
i) (s)

(b) FA L PR vt P

—0m/s

/ —3.17E-17m/s

20 H ——5.52E-17 m/s

—— 7.64E-17 m/s

——9.63E-17 m/s
L

. , .
0 20 40 60 80 100
IR ) (s)

() AR AL A Hii i FE 72

7 ——0mfs

—3.17E-17 m/s

—5.52E-17 m/s

——7.64E-17 m/s

——9.63E-17 m/s
.

. . .
0 20 40 60 80 100
I [ (s)

(d) AHASH R
B8 ARIRMRET RGBT
Fig.8 System temperature characteristics at different
fluid flow rates

RGAHRE QK] 8 s o FEHARSZAFA K
A CRIE DL, R IV FAiiR B BE AR I E N
TUARE I D0 R, R 2R, RS
LA VA it FEE 22 K, f IS IR I ) R SRR AR
FHRHE L8 - 100s B %), RETHIEN 9.63E-17m/s
X L F A R ZE A R B iR B ZE L Om/s VLI T Y
ARG ALE S i 2 R 17.32K, AR R
TR FEAK 75.64K. 1T RS0 TEAS P AL Id 3G i i
R RGN, 5 REBEEEE TR, &
G5 v S R I B2 B LR R R S A K, AR T
BN AR SR I e A5 T R g8 A i AL Y
7 Pl 72 K o PRI 2 43¢ 1 AT A4 it e
A R e R GU R A LA 7 PR i P, o A
AL AR RS, e B8 AR N T A /KR $2
FEERITIR, T RGA HTERE.

2.4.2 VUKL

W TR E WA 5 R g A i AL 2
HAFAE—EWI R FR, DLl A 7K 55 Y AR 2 2 (A 1
I, B AL A R R T Rl SN, IRAR
TR G AL ) T 3 5 /K SR T A D R 2 1] A UL
Foth ok R AHILSER X .

K9 2 [l — D RGHEA R E R RUE T
FTiE FERI KD ZR DA S R G TR AFAE « AT
LUEH, SR ARATUEIR T 4.18m/s I, K
FITIEAE KR D) AR T A AL P i s 2h
Ry I NIRRT IEIA R 4.18m/s I, R
HLZH AR SR LA F D) R S K T RE DD F A A s 2
W T TR R T 4.18m/s J5, K IR FER D)



2025 4F

RRT RGN BAF IR LI i Th & XA
BB WET S N IR IR 35 00, KR AR TR th
W2 B0, FK AL A R Dy 2R 52 B AR LA
RIS o NEE RAT R, K TR DY 2 K T
RGN AL TP AR R, 2R 40 7 2 L
HAEATEIMIE L

020 F——1.62 m/s 2.39m/s
018 L—2.94 m/s 3.40 m/s
3.81 m/s
0.16 |-
014
~012}
S
Folor
Foos| |

0.06

004 |-

0.02 |-

0.00 |-

) | | | | |
0 20 40 60 80 100
i 16 (s)

(a) AFLERGH MK E IR

i (m/s)
(b) AFELHE R F )%
B9 RGEINERIFMN

Fig.9 System power characteristics

3 g

AR SCARE Fr R A E R G, 4R T —Fhr
R TEARAS A T A e | A B R 4, FRil i
X B G ISR IR 2 AR P DR ¥4 50U B A
PEHEAT AT, S5 VAG A5 B e T A AR VA T A R 1
RALH RGOS HEE, BT I R4t

(1) W A h BRI T A i 8 AR K,
i T4 BRI, T AL O AR S
BREE, WA TR AR, RN
A HEMEREAR L, P b7 I 25 (a8, AR M R A E
FHRRES ; WA A AR I AR IR R G4 S0 R
F, VARG B W AR B

(2) RS TAEHURE, S A 17 o i
JEAWT ETE, 0~16s BFIEIBL N, FRGuvA #vm i fE 2
KT 83.22K, 16s LAJE # HELZHA4-v4 #hity A L FE AT
SRANWT T A 5202, RGEMAEAM 4T
Ty Ze ot 45 s P B i 0, 0~100s ) (8] B 7Y
RARAEH L HEIIREK T 0.26W,

(3) RS IA Hom i B BE e
PR A S8 A A T ) B 0 S B, A B L ZE e A
TAR AR F 3G T n, ORI S 17.32K,
FRZAS A} UL P B A SRR Sk PR 388 g B
X I B K IR P 7 3 B 1) B KA AR A R IR R R
75.64K. MUETEE WIRE N 4.18m/s I, IKIETHFE
[1ThHR 5 RGBT A DRSS, RS
IR L.

BT TR AR A R AR E R A H
ARG F XA S A HAM L&, FIH A
PAEF= A R H AR A48 K I TR, WARRBh & &
G, IR B SR RGA ETERERI R . A
WAt vl LU A B B R A H R G0 SE bR v
RS, A KGR TSR A0 B .

SE R

[1] CaiY, Liu D, Zhao F Y, et al. Performance analysis and
assessment of thermoelectric micro cooler for electronic
devices [J]. Energy Conversion and Management, 2016,
124:203-11.

[2] G Naveen, Patil, Tapano Kumar Hotta. A review on
cooling of discrete heated modules using. liquid jet
impingement[J]. Frontiers in Heat and Mass Transfer,
2018,11:16.

[3] A Martinez, D Astrain, A Rodriguez. Experimental and
analytical study on thermoelectric self cooling of
devices[J]. Energy, 2011,36(8):5250-5260.

[4] Cai Y, Wang L, Wang W W, et al. Solar energy
harvesting potential of a concentrated photovoltaic-
thermoelectric hybrid system: Bidirectional modeling
and performance optimization [J]. Journal of Cleaner
Production, 2020,254:120150.

[5] CaiY, Wang W W, Ding W T, et al. Entropy generation

minimization of thermoelectric systems applied for



PH, 2. JET IR A AA B S A ol R AR PR 7T <9 -

539 G5 1 1 %
electronic cooling: Parametric investigations and
operation  optimization[J]. Energy = Conversion

Management, 2019,186:401-414.

Wang X J, Deng W, Tang X, et al. Experiment and
simulation study on the specification parameters of
finned heat sink for thermoelectric system in
consideration of radiation among fins. International
Journal of Thermal Sciences, 2023,185:108097.

Cai Y, Hong B H, Wu W X, et al. Active cooling

performance of a PCM-based thermoelectric device:

Dynamic characteristics and parametric investigations[J].

Energy, 2022,254:124356.
He Y CH, Hu CH ZH, Li H Y, et al. Experimental
investigation on air-cooling type loop thermosyphon

thermal characteristic with serpentine tube heat

exchanger[J]. International Journal of Refrigeration,

2022,138:52-60.

[9]

[10]

[11]

[12]

[13]

T, 2 07 R RS AR LA S8 B RE N
I 5 1 COn 8l 5 4 BB LU [T 75 1R 2727
%,2020,60(3):263-270.

Robel Kiflemariam, Lin CH X. Numerical simulation of
integrated liquid cooling and thermoelectric generation
for self-cooling of electronic devices[J]. International
Journal of Thermal Sciences, 2015,94:193-203.

Z Duan, YS Muzychka. Experimental Investigation of
Heat Transfer in Impingement Air Cooled Plate Fin Heat
Sinks[J]. Transactions of the ASME,2006,128:412-418.
PR A E VA A R SR PGl B BT SLIRAT L [D).
WAL EDUR 27,2018,

S Manikandan, C Selvam, Nikunj Poddar, et al. Thermal
management of low concentrated photovoltaic module
with phase change material[J]. Clean. Prod., 2019,219:
359-367.



